ABSTRACT
INTRODUCTION

38
Hydrazine (H 2 N-NH 2 ) and its derivatives constitute an important group of popular reducing 39 agents and nucleophiles that serve as precursors of pharmaceuticals, dyes and herbicides.
40
Hydrazine derivatives containing an unsubstituted -NH 2 moiety are dehydrated and 
MATERIALS AND METHODS
88
Reagents. Isonicotinic acid hydrazide, 4-hydroxybenzoic acid hydrazide (HBH), Materials. Other chemicals were standard commercial preparations unless otherwise stated.
96
Synthesis of HBPH. Acetic acid (5 mL) and HBH (2.5 g) were mixed, and then methanol 97 (500 mL) was stirred into the mixture until the HBH completely dissolved. A 20-fold molar 98 excess of acetophenone (39 mL) was added to the solution and refluxed at 80C for 30 min.
99
The methanol was evaporated and cyclohexane was added to the residual liquid at room 100 temperature to precipitate HBPH. Precipitates collected by filtration were rinsed with water 101 and cyclohexane and then air-dried for a few days to yield 4-hydroxybenzoic acid HBPH-degrading enzymes. The 16S rDNA of the strain HM58-2 was sequenced with 125 primers listed in Table S1 , and the nucleotide sequence has been deposited 126 DDBJ/EMBL/GenBank under the accession number LC005742. material was removed by ultracentrifugation at 100,000  g for 40 min, and then the 142 cell-free extract was applied to a 100 mL-column containing pDE52 DEAE cellulose according to the manufacturer's instructions and the primers listed in Table S1 .
199
Hydrazidase mutants were expressed and purified as described for wild-type rHyd.
200
Quantitative PCR. Microbacterium sp. HM58-2 was cultured in MM medium containing 201 glucose, succinate (100 mM each) and/or 10 mM HBPH as sole carbon sources at 30°C.
202
When the OD 600 reached 0.6, 1 mL of culture was mixed with 0.5 mL of RNAprotect (Table S1 ).
210
Expression of the hydrazidase gene was normalized against that of 16S rRNA amplified 211 with 16S58-2QF and 16S58-2QR primers (Table S1 ). Data are shown as relative expression levels.
213
Gas chromatography. Hydrazide compounds were analyzed by GC-MS using a Table 1 show the physiological properties determined using API Coryne kits 
272
Trypsin digestion of the purified hydrazidase yielded two major fragments with a molecular 273 mass of 36-and 33-kDa and endoproteinase Asp-N digestion produced a 25-kDa fragment.
274
We then sequenced the amino-terminal amino acids of these fragments (Fig. S3) 
The deduced amino acid sequence of the hydrazidase contains these consensus sequence. hydrazidase from the databases (Fig. 4) Sepharose chromatography (Fig. 3A, lane 3) . We based the biochemical characterization of 326 the enzyme on rHyd because it was as active (5.6 mol min -1 mg -1 ) as the native enzyme.
327
The recombinant hydrazidase was active over broad ranges of pH (5. (Fig. S6 ).
332
Reducing agents (2-mercaptoethanol and dithiothreitol), phenylmethylsulfonyl fluoride,
333
chelating agent (EDTA) and non-ionic surfactants (Triton X-100, Tween 20, and Tween 334 80) affected the activity to a lesser extent.
335
We confirmed the stoichiometry of the hydrazidase reaction. When typical reaction 336 mixtures contained 0.5 mM HBPH and the recombinant hydrazidase was incubated at 30C 337 for 30 min, 41  9 nmol HBPH was consumed, and 38  5 nmol acetophenone hydrazone 338 and 36  11 nmol HBA were generated. This is consistent with the reaction scheme of the 339 hydrazidase (Fig. 1B) . We then assayed enzyme activity in a reaction mixture containing
340
HBA and acetophenone hydrazone (0.5 mM each although they are not absolutely essential for hydrazidase activity.
356
We assessed the substrate preference of the hydrazidase for the hydrazides, HBH and INH
357
( Fig. 1A) . We also tested acetamide, indoleacetamide and fatty acid amides that are 358 substrates of amidases in the amidase signature family (37-39), and 4-hydroxybenzamide,
359
which is an amide that is structurally similar to HBPH (Fig. 1A) . Among these compounds, (Table 3) .
367
The specific activity for 4-hydroxybenzamide is 14% of that for HBH, indicating that the 368 hydrazidase is also active as an amidase, the activity of which was lost due to the mutation 369 at Ser155 and Ser179, suggesting that the catalytic mechanism is shared by amidase and 
378
Adding 100 mM glucose to MM-HBPH medium decreased the hydrazidase activity to 17%
379
of that without glucose. We quantified transcripts of the hydrazidase and analyzed the 380 carbon source-dependent expression of the hydrazidase gene (Fig. 5B) where R 1 = HO-(C 6 H 4 )-, and "R 2 , R 3 " = "< C (C 6 H 5 ) (CH 3 )" or "-H, -H". separate clades in the phylogenetic tree (Fig. 4) . These indicate that the hydrazidase is 423 unique in terms of its enzymatic and evolutional properties, and we propose that the novel 424 enzyme is a hydrazidase of the amidase signature family.
425
Both hydrazidase (scheme 1) and amidases in general (scheme 3) hydrolyze the C-N bond 426 of acylated nitrogen. Our kinetic studies using structurally similar HBH and 4-hydroxybenzamide (Fig. 1A) 
431
showed that the hydrazidase prefers hydrazides to amides as substrates ( 
441
Substitutions of the conserved Ser-Ser-Lys residues decreased enzymatic activity but a 442 substantial amount was conserved (Table 3) . This is in contrast to corresponding mutations 
453
Although the amino acid sequence of the Microbacterium sp. HM58-2 hydrazidase does not have this motif, Cys129 corresponds to its second Cys residue and it might function as a 455 nucleophile in the absence of Ser179, a notion that is currently being investigated by X-ray 456 crystallography.
457
Our screening using the HBPH as a carbon source isolated bacteria that hydrolyzed the 
